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Abstract
We work on a student 3U Cubesat mission, called JUMPSAT, expected for 2017.
This is a collaborative project involving both institutions (CNES, ONERA) and schools
(ISAE, TELECOM Bretagne). The different equipments to qualify are the Supaero Star
Tracker, which measures stars’ luminosity to infer the satellite’s attitude, a detector for
particles trapped in the Earth magnetic field designed by the ONERA, and the AOCS.
Uplink and Downlink communications will be provided during the mission by the HETE
Primary Ground Stations. JUMPSAT is the first Cubesat which needs a three axis
attitude control, which involves an innovative mission analysis, to overcome all these
constraints. The mission analysis deals with the orbit’s determination, the Cubesat’s
structure, the power strategy, and the visibility balance. The particles detector is the
only constraint for the altitude of the satellite: we can get meaningful data only at
altitudes higher than 700 km. Moreover, the most interesting zones are South Atlantic
and poles. But a circular orbit with this altitude does not respect the LOS (French
space act).The structure of the Cubesat is also hard to define. To get information
from the satellite, we need an antenna, and an attitude and orbital control system
to point the antenna at the ground station and the Star Tracker at the stars. Solar
Panels cannot be opened out because of the micro elements that could be settled on
the particles detector. However, fixed solar panels are not very efficient to recharge
batteries. The power balance shows critical problems: both attitude control system
and the Star Tracker consume a lot, and cannot work at the same time during the
whole orbit. However, all the components are linked: the Star Tracker is not efficient
if the satellite attitude is not stabilized; the antenna functioning must be synchronized
with visibilities by the ground station. Anyway, the visibility balance stresses the point
that a ground station at Toulouse would be particularly welcome. We need also to
take into account phenomena of eclipse and satellite drift. To conclude, our mission
analysis is deeply constrained by the equipments we want to qualify. Our task is to
find the optimal orbit, suggest a power strategy considering the orbital constraints
and components’ physical parameters, and to study the visibility balance. It is a real
challenge in terms of power consumption, architecture, orbital strategy for such a small
satellite.
Introduction
The following paper recalls the different steps that were achieved in order to make the
JUMPSAT mission analysis. First section enhances JUMPSAT objectives. Then the choice
of a circular orbit is discussed on section 2. This brings out the question of Reentry and
Power Budget which are considered in section 3.
1 Presenting the JUMPSAT mission
1.1 Goals of the project
Nanosatellite design as well as launch facilities have mainly been carried out by academic
teams, since it allows a low cost access to space. The family of those very small satellites
has been standardized and named ” Cubesat ”, 1U meaning a cube of 10 cm wide. Even if a
huge bibliography is nowadays available on the Cubesat technologies [4], it is quite difficult
to know precisely their potential or real performances, because most of those satellites have
never found a flight opportunity or have failed during their first days in orbit. (See Figure 1
Figure 1: Identification of main failures observed on past Cubesat missions
That is the reason why the satellite-design team of the Aeronautics and Space Center
(CAS) at ISAE, Toulouse, France, is designing such a nanosatellite, named JUMPSAT, for
a technological and scientific mission. The main goals of the JUMPSAT mission are first,
to qualify in orbit the design of both the 3-axis stabilization system and the low cost star
tracker developed at ISAE and secondly, to measure the radiative environment on Low Earth
Orbit and to evaluate its impacts on the components.
An innovative aspect of this project is the 3-axis AOCS system. Indeed, for the first
time a 3-axis AOCS will be embedded on a Cubesat. It was designed by another team of
students from ISAE and has the particularity of being small and efficient. For instance a new
algorithm will do the Attitude Control function and take into account all the equipments
(inertia wheels, magnetometer, magnetotorquer, sun sensor).
Concerning the low-cost Star Tracker System (see also [3] and [2]), a group of students
of ISAE has designed and built one. A Star Tracker is an optical device that measures the
position(s) of star(s), using photocell(s) or a camera CCD, in order to compute the attitude
of a spacecraft. It can be considered as a modern equivalent of the sextant. It is part of the
Attitude Determination and Control Systems (ADCS)1. The particularity of this Star Tracker
is its size and power consumption, indeed it is relatively small and aims to be embedded on
small satellites as Cubesats. That is why one of the goals of the JUMPSAT mission is to
qualify this Star Tracker.
Figure 2: Overview of the Star Tracker
The Earth’s magnetic field has the ability to trap charged and energetic particles coming
from the Sun in what are called the Van Allen radiation belts. These particles have harmful
effects on spacecrafts electronics (discharges, SEEs). On a Low Earth Orbit (LEO), as it is
schematized in Figure 2, this trapped population is primarily present in what is called the
South Atlantic Anomaly (especially greater than 10 MeV protons) and in the outer radia-
tion belt at high latitudes (especially electrons of energies up to a few MeV). Due to the
close relations between ISAE and the SPACE Environment Department (DESP) of ONERA,
the opportunity was also discussed to fill up JUMPSAT’s payload with a new generation of
small high-energy particle detector designed by ONERA-DESP. The challenge here is to be
able to measure space radiations with low power consumption and accurate efficiency. Thus,
combining both the expertise of ISAE in the nanosatellites’ design and of ONERA-DESP
in the modeling of the dynamics of space ionizing particles and their effects on spacecrafts
constitutes a great opportunity to qualify a new generation of sensor.
1which is also termed as Attitude and Orbit Control Systems (AOCS)
Figure 3: Comparison of the space environment flux level at altitude 500km (left) and 1000
km (right). These plots have been drawn using the OMERE software (www.trad.fr) and
using the AE8 model [5].
To deal with all these aspects, we have to take into account a lot of constraints in terms
of orbit choice, power consumption and architecture on this satellite.
1.2 Constraints on the mission
The main constraint on the mission is the orbit. As a matter of fact the ONERA is more
interested in detecting decent rates of particles at altitudes higher than 700 km. The higher
would be the altitude of the JUMPSAT, the higher would be the counts rates measured by
the detector and the better would be the signal to noise ratio
The second important constraint for the mission analysis for the satellite is definitely its
power mass. As a matter of fact the small mass budget imposed by the launcher forbids the
use of any propulsion system. Indeed it would require nozzles, nozzles management systems
and ergols which are too heavy for the Cubesat. Figure 1 shows an estimation of the mass
budget. Therefore the Cubesat will have to resort to an AOCS to take care of its path
Both the AOCS system and the Star Tracker drain a huge part of the available power
of the battery. To deal with this constraint we have to design scenarios in which those
two equipments are not always switched on. Besides if we want some correct results for
the Star Tracker, it is compulsory for the attitude to be stabilized and therefore the AOCS
system must work efficiently. This is the second important compromise that we have to make.
The visibility of the satellite from the ground stations turns also to be a constraint for
several reasons. First of all, there are only few ground stations to communicate with the
satellite; hence we have to make a visibility analysis to determine the frequency which we
will be able to send information to the Cubesat at. And we have to retrieve the data it has
been computing. Secondly as the antenna which will be embedded on the bottom face of the
Cubesat could be a patch antenna developed for Cubesat mission in S band and provided by
the Massachusetts Institute of Technology (MIT). We know that upon a critical altitude, the
uplink will not be sufficient for the ground station to communicate with the satellite. This
will imply a new compromise on the choice of the orbit.
Components Mass (g)
Cubesat Platform 1500
Battery 200
Magnetometer 165
ONERA sensor 300
Patch Antenna ?
AOCS 950
Star-Tracker ?
Solar Cells Panels 708
Solar Sensor 5
TOTAL 3828
ergol 10
Nozzle and its Management System 150
Table 1: Mass Budget of the Cubesat
Finally, an aspect that should not be neglected is the financial constraint. Indeed, the
JUMPSAT project is mostly a student project and the main goal of a Cubesat is to achieve a
certain mission at low costs. As a result adding the perfect equipments is not always possible.
For instance a deorbit sub-system would be too costly for such a project. Table 2 summarizes
the constraints.
AOCS detector Star Tracker
orbit X
link X X
power X X
Table 2: Constraints summary
1.3 The mission from a system point of view
Some elements of the ground segment of JUMPSAT could be part of the OSAGS 2, started
for the HETE satellite by NASA and involving MIT and ISAE teams. One ground station is
located at Cayenne, French Guyana and also managed by ISAE Space Center. The Cayenne
station has been operational since 2000 with a high utilization rate (95% for HETE), with
more than 5000 visibilities per year.
After its injection, the JUMPSAT will be deployed in a high inclination, low Earth Orbit
and will be operated from a small control center located at ISAE in the Centre aeronautique
2system of three stations around the equator
et spatial (CAS).
In order to comply with the low cost requirements, the nanosatellite architecture will be
based on a triple Cubesat (10 cm x 10 cm x 30cm). That is to say, that JUMPSAT will
belong to the category of space objects with a total mass lower than 50kg.
Most of the platform components are bought on the shelf, while payload components are
developed in the laboratories.
Figure 4: Cayenne Ground Station and OSAGS network
The team has already finished the mission analysis (determination of the best sets of
orbital parameters, visibility budget, and power budget) and the magnetic AOCS (Attitude
and Orbit Control System) architecture. The mechanical and thermal architecture is still
under analysis. The analysis, integration, verification and validation plan are performed for
the global systems (launcher, satellite, ground stations and control centers).
2 First determination of the mission’s parameters
2.1 Choosing the orbit
In this part, we describe the different orbits that we have studied to fulfill the constraints
described in section 1.3. At first, we focus on the particle detector constraint. Therefore, we
look at circular orbits between 700 and 1000km. As the high latitudes and the south Atlantic
region are the most interesting geographical zones for the particles detector, the orbit needs
to be polar. Hence we choose inclination angles close to 90. Another scientific requirement
would be to get measurements at a constant local time. The best local time plane for this
orbit would be noon-midnight in order to get information on injections dynamics (at high
latitudes) from the magnetotail. However, any of this is very interesting in order to study
physical process responsible for particle losses during their drift around the Earth. In order
to process the measurements of the detector particle the satellite had to be several times in
the same measurement conditions. That is why we chose a sun-synchronous orbit3.
Orbit Semi major Axis Eccentricity Inclination RAAN Argument of Perigee Mean Anomaly Date
Circular Orbit 700 km 7071.0 0 98.18 N/A N/A N/A 09/27/2017 20:00
Table 3: Table of studied orbits
2.2 The Visibility Balance
JUMPSAT’s main purpose is to measure radiation rates and stars’ localization. That is
why the satellite has to communicate with ground stations to download information. More-
over, as soon as the Cubesat is precisely located by the ground stations antennas on Earth;
this localization has to be uploaded to the satellite in order to ameliorate its attitude control’s
system.
Therefore, it is necessary to have both downlink and uplink: the antenna on the Cubesat
must be able to get down scientific data and to receive information from Earth. The an-
tenna chosen is an S-band Patch Antenna, which will use frequencies around 2,2GHz. It is
small enough to be mounted on the nadir facing side of the Cubesat, and powerful enough to
communicate with ground stations. The gain shall be around 8 dB, and the opening angle
between 60 and 80 degrees.
We have to send to the Earth the AOCS’s data: the satellite’s localization, the efficiency
of the equipments, the temperature, etc. Moreover, we have to get down scientific data: the
radiation rates measured by the particle detector, and the satellite attitude which have been
measured by the Star Tracker. These data are just some figures and do not need a huge
data rate. However, as we will explain later, the satellite cannot always stay within range
of the ground stations. Hence it is necessary to store data in the memory of the Cubesat’s
processor, and to send it to the Earth during visible periods. So the visible and non visible
period have to be foreseen in order to scale the memory.
The ground stations network to be used is HETE-2, controlled by the MIT Command
and Control Center. It commands uplink and high-data-rate downlink (around 250 Kbits/s).
3A sun-synchronous orbit is a geocentric orbit which combines altitude and inclination in such a way that
an object on that orbit ascends or descends over any given Earth latitude at the same local mean solar time
S-band communications are done using the three Primary Ground Stations: Kwajalein Atoll
in the Republic of the Marshall Island, Cayenne in French Guyana and Singapore. Using
three different ground stations on Earth give a good visibility to JUMPSAT, even if it is not
sufficient to make it always visible.
The three Primary Ground Stations are near the Equator. But with a polar orbit (chosen
here, see Section 2.1), ground stations near the poles have a better visibility of the Cubesat
than equatorial stations. That is why it has been decided to put into service again the Su-
paero’s antenna, at Toulouse in France. The latitude of Toulouse is 43N, which makes it the
best ground station of the network to localize the satellite and to receive data.
The ground station network therefore is formed by four ground stations:
Figure 5: Visible zones of the four ground stations
Different orbits have been considered: circular orbits between 500 and 1000 km. In order
to determine the advantages and disadvantages of all theses orbits, six orbits have been com-
pletely studied and tested: 500, 600, 700, 800, and 1000. The nominal orbit is the 700km
one (average). In the case of visibilities’ studies, we will focus on the nominal case.
For each orbit, some important data have been calculated: the largest, the smallest and
the average duration of visibility of the satellite from each ground station point of view, and
the total duration of visibility of the satellite during one month from the network of ground
station point of view. Generally, the largest duration of non visibility and the total duration
of visibility per day and per month have also been measured. These different parameters,
calculated in the nominal case4, are presented in the Figure 4.
Singapore Cayenne Toulouse Kwajalein Total
minimum of visibility (min) 0.63 2.99 1.67 1.15 0.63
maximum of visibility (min) 12.59 12.59 12.69 12.59 12.69
average visibility (min) 9.80 10.08 9.98 9.84 9.92
time of visibility per month (hour) 18.38 18.34 26.76 18.82 82.29
Table 4: Visibility’s parameters for the 700km’s orbit
4that means for an orbit of 700km
Other figures are determining to understand the whole orbit of this Cubesat:
Longest duration of non visibility (min) 15.82
Smallest duration of non visibility (min) 3.22
Total visibility per day (hour) 2.74
Table 5: Global visibility’s parameters for the 700km’s orbit
We can notice that, as we expected, Toulouse ground station sees the JUMPSAT more
often than the other ones: with duration of 26.76 hours of visibility per month. The worst
duration between two periods of visibility is around 15 minutes. So the memory has to keep
at least the last fifteen minutes of measures.
However, all the visible periods are not equal. In the worst cases, the Cubesat is only
visible by one ground station during one minute, and this duration is not enough to first
establish links between the satellite and grounds stations and then to transfer data. That is
why we have to foresee a large size of the memory (maybe some hours) to be sure that all
the data can be transferred.
Figure 6: Maximum gap between two visibilities (left) and mean coverage gap (right) for one
month
The figure 6 shows the maximum gap between two visibilities and the mean coverage gap,
in the case of a 700km circular orbit.
The zones where the gap is the biggest are the equatorial zones. Indeed because of the
polar orbit the satellite flies over the poles more often than over the equator.
The 1000 km orbit is the optimal orbit for the particle detector’s measurement, as the
particles are mainly at high altitudes. However, the higher the satellite is, the more difficult
it is to communicate with ground stations and the small size of the JUMPSAT does not allow
a very powerful antenna. We can fear that the higher the satellite is, the trickier it will be
to get down its data. So we may have to study a compromise between the efficiency of the
measures and the communications with the Earth.
3 Two decisive issues: reentry and power management
3.1 Reentry
With the growing concern of space debris and the danger of rendering space inaccessible,
several nations have agreed upon a number of rules concerning space access. In this context,
the French parliament voted in 2008 the establishment of a space law also called LOS. In
particular, it is now required for new missions at low altitudes to prove that 25 years after the
end of a satellite’s exploitation, the system has reentered the atmosphere, either naturally or
after deorbit maneuvers.
For JUMPSAT, no deorbit system is planned for cost reasons and the reentry will have
to be done through atmospheric drag only. Therefore, we will have to find a compromise
between the scientific objectives of the particles detector (see section 1.2), which advocate for
a circular orbit at relatively high altitudes (about 800 - 1000km), and an orbit that ensures
us that the satellite will be naturally deorbited before the 25 years limit of the LOS.
The idea we had was to lower the perigee of the orbit at altitudes about 500km in order
to get sufficient atmospheric drag while keeping the apogee at about 1000km. This way, we
can hope to respect the LOS and be able to get useful data from the particles detector at the
same time, considering the satellite will spend significant time in the radiation belts. Having
chosen an elliptical orbit, we cannot ensure the sun-synchronization over the whole orbit
anymore. Nonetheless, even if the satellite will not be at the same local hour all the time,
we can still ensure it for a given anomaly (and so altitude): Equation 1 gives the inclination
for which the orbital plane keeps the same angle with respect to the sun.
−2pi
3R2
T
J2
2µp2T
cos i =
360◦
365 days
(1)
where µ is the Earth’s gravitational constant, p the parameter of the ellipse, T the period, i
the inclination, RT the mean Earth radius and J2 the coefficient for the second zonal term.
That way, the spacecraft will for example always meet its apogee at the same local hour:
the detector will always measure the radiation belts around the same local hour, which is
interesting to study their evolution. Moreover, choosing a polar orbit allows our experiment
to have data in the polar cusps. We also fixed the perigee’s argument so that the apogee of
the orbit corresponds to latitudes of around -30◦: the latitude of the South Atlantic Anomaly.
If this solution seems reasonable with respect to the scientific objectives of the mission,
we still have to verify if a perigee altitude of 500km is sufficient for a reentry in less than
25 years. To do so, we used the Java library Orekit5 to simulate the erosion of this orbit
5www.orekit.org/forge/projects/orekit
through atmospheric drag.
The gravitational attraction of the Earth was modeled using the Cunningham attraction
model (see [1]) with a 6x6 spherical harmonic decomposition. The spacecraft in itself was
considered as spherical (for simplification purposes) with a cross-section of 0.1x0.3m2 which
corresponds to the surface of the lateral faces of JUMPSAT. Indeed, if the ADCS works
correctly and the bottom face points towards the Earth, the drag force is lateral. The drag
force was then computed at each step using the following formula:
Fd =
1
2
ρv2CdS (2)
where ρ is the atmospheric density, v the satellite’s velocity, Cd the drag coefficient of the
Cubesat and S the dragging surface (here: 0.1x0.3). The atmosphere was simulated using the
Marshall Solar Activity Future Estimation (MSAFE)6 model which gives the density profile
of the atmosphere and takes into account the effect of the solar activity. This model being
only available between 1998 and 2030 in the Orekit library and the launching of JUMPSAT
scheduled in 2017, we artificially shifted the date from 11 years (solar activity period) in
order to be in a similar situation and be able to make a 25 years long simulation.
Finally, for the propagation in itself we used a Dormand Prince numerical integrator and
fixed the position error to 100m. The satellite was considered as deorbited if the altitude
measured was under 200km (at this point, the lifetime of the spacecraft is negligible).
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Figure 7: Estimated evolution of perigee and apogee altitudes. Simulation made with the
Orekit java library. A drag coefficient of 1 was considered here.
Figure 7 shows the results of this simulation with a standard drag coefficient of 1.0 and
a 6kg heavy satellite7, the perigee and apogee altitude being plotted as a function of time.
6sail.msfc.nasa.gov
7Maximum load of the chosen structure.
We see clearly here the degradation of the orbit through time. It is interesting to note that
the apogee decreases more rapidly than the perigee: the orbit is circularized. Moreover, we
see that the reentry satisfyingly takes less than 25 years.
However, as there is no clear consensus regarding the drag coefficient of a 3U Cubesat
and considering the fact that we envisage a configuration of JUMPSAT with opening solar
panels, we made this simulation for a large range of drag coefficients to ensure that we respect
the LOS. We also considered different perigee altitudes to see how constraining the 25 years
are. Table 6 summarizes the reentry times for all the simulations we made:
Drag coefficient
Perigee altitude 0.5 1 1.5 2
400km 13.8 11.6 10.1 9.1
500km 19.1 17.6 16.8 16.3
600km > 25 > 25 23.6 22.2
Table 6: Reentry times in years for several values of drag coefficient and perigee altitude.
Whereas, 400km appears as an unnecessary too low orbit, we see that a perigee altitude
of ∼ 500km is satisfying for a large range of drag coefficients and appears as the correct
compromise. It seems like it may be possible to take a perigee altitude a little bit higher
but we cannot go up to 600km without risking a too long reentry time, considering the
uncertainties we have on the different parameters of this modeling.
3.2 Power Budget
Figure 8: Graph 1: Available Solar Power (black curve =full power once the efficiency of
the Solar Cells has been taken into account, axe on the right; purple, red and blue curves =
Solar flux on each face of the satellite)
The Power Budget is a milestone in the mission analysis and the designers must balance
it. As a matter of fact several Cubesat were lost a few time after their launch because the
battery was found unable to collect enough energy from the Solar Cells thus leading the
battery to a full discharge. In order to avoid this kind of trouble it is of primary importance
to collect precise data on each component’s power input. However as we are currently work-
ing on a preliminary analysis, we do not always have all the information needed. So when
data lacked we assumed figures of power consumption based on what we could find on the
scientific literature. This should be bear in mind while doing the analysis as it compels us
to take margins regarding our results.
We first analyzed the orbit Noon-Midnight, and a program estimated the solar fluxes on
each faces of the Cubesat. As can be seen on Figure 8 most of the power is given by two
faces. The black curve represents the actual solar power that would be converted by Solar
Cells into electricity. Knowing the efficiency of the Solar Cells, the power consumption of the
different on-board instruments (see Figure 7 ) we were able to foresee the state of the battery
for long periods using a linear model for the battery charge. Figure 9 briefly summarizes
Energy fluxes in the Cubesat between Solar Cells and instruments.
Figure 9: Energy Path
Components Power (W) Efficiency
Power Distribution Module 0.250 N/A
Magnetometer 0.4 N/A
Processor (ONERA sensor) 1 N/A
Patch Antenna 1.69 N/A
AOCS minimal mode (1 axis) 2.352 N/A
AOCS minimal mode (2 axis) 4.304 N/A
AOCS nominal mode (3 axis) 6.256 N/A
Star-Tracker 6 N/A
Solar Cells N/A between 27.7% and 29.1%
Battery max 30W 93%
Table 7: Summary of the power consumption and efficiency of the components
To work efficiently the satellite needs a balanced power budget. Basically it means that
even in the worst conditions the average outputs must be equal or lower than the average
inputs. With the Noon-Midnight orbit the AOP8 produced by the Solar cells is given in
Figure 8.
June 2017 September 2017 December 2017 Mars 2018
AOP (W) 5.81 5.91 5.49 5.51
Needed Power for full nominal mode (W) 15.60 15.60 15.60 15.60
Table 8: AOP
As we can see on Figure 8, the inputs are quite irregular depending on the relative posi-
tions of the satellite, Earth and the Sun. A cycle lasts for about 1h40, and the eclipse for 35
min. We must make sure that the battery will not reach full discharge in this time therefore
we cannot afford to have all the instruments working at nominal mode at the same time.
Our first thought was to keep this designed orbit and make some compromises over the
instruments. As a matter of fact the AOCS has several functional modes. As we did not pre-
cisely know how the satellite would behave if we turned off the AOCS, we could nonetheless
infer that it would not drift instantly. So we made the hypothesis that the AOCS could be
turned off while we still had contact with the satellite. Here on Figures 9& 10& 11are the
different scenarios we forecasted.
8Average Orbit Power
Power (W) Duty Factor
Day AOCS on nominal mode 9.596 100%
Day Star-Tracker 6 15%
Night no instruments 0.250 100%
Table 9: Description of Scenario 1
Power (W) Duty Factor
Day AOCS on nominal mode 9.596 α %
Day AOCS on 2 axis mode 7.644 (100-α) %
Day Star-Tracker 6 15%
Night no instruments 0.250 100%
Table 10: Description of Scenario 2
Day & Night Power (W) Duty Factor
AOCS on nominal mode 9.596 30%
Star-Tracker 6 15%
Table 11: Description of Scenario 3
Scenario 1 did not work fine as the budget power was not balanced whereas Scenario 2
worked fine for α¡=10. However the drawbacks of such scenarios were that most of the time
the AOCS would not function at full resolution. Actually this could seriously jeopardize
the communication with the satellite. To go further we should have managed to know the
behavior of the satellite, especially how fast it would drift itself from the position the AOCS
put it in.
Figure 10: Evolution of Charge for scenario 1 on a Noon-Midnight Orbit
Figure 11: Evolution of Charge for scenario 2 on a Noon-Midnight Orbit
Figure 12: Evolution of Charge for scenario 3 on a Noon-Midnight Orbit
The results in term of power were pretty good for both scenario 2 and scenario 3: the
budget power was balanced and the battery was then able to function for more than a few
periods as shown by Figure 12. Although these results were encouraging they requested a
study of the behavior of the satellite if AOCS suddenly stopped. It soon became apparent
we would have to choose another compromise to fulfill our goals.
In order to improve the Power produced by the Solar Cell Panels, we studied another
orbit: the Elliptical dawn-dusk orbit. This time the Solar Cell Available Power is nearly
constant whatever the month and higher than with the former orbit (noon-midnight orbit).
The power strategy used for the simulation is described in Figures 12 and 13.
Both scenarios were working fine; they did not allow the battery to go to a deeper than
50% of DoD9. So the battery has not yet been tackled by any End-Of-Life trouble and can
still work for some time. Furthermore this orbit needs no more compromise between instru-
ments performance and their duty factor. So we can be assured that we will neither lose
contact with the Cubesat nor have it spinning under-controlled. The budget power helped
us to select a new orbit in order to reach our target.
9Depth of Discharge
Day & Night Power (W) Duty Factor
AOCS on nominal mode 9.596 100%
Star-Tracker 6 60 min a day
Table 12: Description of Scenario 4
Day & Night Power (W) Duty Factor
AOCS on nominal mode 9.596 100%
Star-Tracker 6 30 min per orbit
Table 13: Description of Scenario 5
Figure 13: Evolution of Charge for scenario 4 on a dawn-dusk Orbit
Figure 14: Evolution of Charge for scenario 5 on a dawn-dusk orbit
3.3 The visibility balance in the new configuration of elliptical
orbit
The visibility balance has to been studied in the case of an elliptic orbit between 500km
and 1000km, which allows to have both coherent measures and respect of the LOS. The two
different configurations dawn-dusk or noon-midnight have the same visibility balance: indeed,
if we simulate their orbit during a long time, they will be the same with just a difference of
phase. Therefore, we will limit our study to the case of the dawn-dusk orbit.
Figure 15: The orbit’s traces during a day for the elliptic orbit in the configuration dawn-dusk
Singapore Cayenne Toulouse Kwajalein Total
minimum of visibility (min) 1.16 1.19 1.75 1.49 1.16
maximum of visibility (min) 14.77 14.75 14.1 14.75 14.77
average visibility (min) 9.48 9.71 9.64 9.77 9.74
time of visibility per month (hour) 17.42 17.41 24.92 17.55 77.3
Table 14: Visibility’s parameters for an elliptic orbit between 500km and 1000km
Longest duration of non visibility (min) 15.56
Smallest duration of non visibility (min) 3.37
Total visibility per day (hour) 2.58
Table 15: Global visibility’s parameters for an elliptic orbit between 500 km and 1000 km
The tables 14 & 15 give the visibilities of the four stations and the global visibility balance
in the case of an elliptic orbit.
Figure 16: Maximum gap between two visibilities and Mean coverage gap for one month in
the case of an elliptic orbit between 500km and 1000 km
We verify that Toulouse is still the most interesting ground station for the visibility of the
satellite, because it can communicate with JUMPSAT 25 hours per month. The maximum
gap between two periods of visibility seems to be quite the same than in the circular case, as
it is presented in the figure 16.
We can conclude that an elliptic orbit between 500km and 1000 km respects the con-
straints of visibility, and seems to be a good compromise between measures’ efficiency and
the quality of the communication with the Earth.
Conclusion
Figure 17 sums up the different analysis steps. At first the objectives due to the ONERA
Sensor lead us to study a circular orbit. Once the visibility was checked, the troubles of
Reentry and Budget Power were brought out. Reentry imposed an elliptical orbit. To cap
it all, the power budget underlined how an elliptical dawn-dusk orbit will strike a balance
between objectives and constraints. Finally another visibility study definitely validate the
choice made.
The mission analysis we have been in charge of, lead us to favor a dawn-dusk orbit for the
Cubesat as this choice let us achieve all of the initial objectives. Indeed the ONERA sensor
will be able to get all the needed data on the South Atlantic Anomaly. In the mean time,
the Average Orbit Power is strong enough for the satellite to be power self-sufficient while
it enables high performances from the Star-Tracker and the AOCS. Through the pattern of
the four Ground Stations there is little risk to lose the satellite sight. Finally the constraint
due to the space act was tackled by a simulation with the software Orekit.
Figure 17: Summary of the different analysis steps
There is still some work that needs to be done: thermal analysis, mechanical analysis...
Up to now this study has been focusing on a global point of view of the mission. From now on
complementary studies are to be launched. For instance we discussed about the architecture
of the satellite and thought about using deployable solar Panels. Another burning issue is
the thermal analysis that we have not yet done so far. The analysis is required to ensure that
the different equipements will be able to stay in their allocated temperature band, hence the
idea of deployable Solar panels so that there would be place for external radiators.
On the other hand shall the mission JUMPSAT proved to be successful, the JUMPSAT
instruments could be used for low-cost scientific mission in future. For instance the Star
Tracker could be implemented on a Satellite Control Altitude System. Besides if the ON-
ERA sensor is validated through this flight, then it may be used on larger scale missions and
be able to collect sensible data on the Van Allen Belts. Finally the AOCS from ISAE would
also be available for low-cost satellites.
References
[1] L. E. Cunningham. On the Computation of the Spherical Harmonic Terms Needed dur-
ing the Numerical Integration of the Orbital Motion of an Artificial Satellite. Celestial
Mechanics, 2:207–216, June 1970.
[2] Jalabert E., Fabacher E., Guy N., Lizy-Destrez S., Rappin W, and Rivier. G. Optimiza-
tion of star research algorithm for esmo star tracker. In GNC 2011 5-10 June 2011
Karlovy Vary - Czech Republic, jun 2011.
[3] Deconink F., Souchard B., Dumas P-A., Lizy-Destrez S., Mimoun D., Barata A., Burr S.,
Durantin G., Goulamhoussen J., Koanda M., and Rocheron C. Str: a student developed
star tracker for the esa-led esmo moon mission. In GLUC-10-3.2.7- GLUC 2010, 31
May-3 June 2010, Beijing-China, may 2010.
[4] X. Li, S. E. Palo, D. L. Turner, D. Gerhardt, T. Redick, and J. Tao. CubeSat: Colorado
Student Space Weather Experiment. AGU Fall Meeting Abstracts, page C1585, December
2009.
[5] J. I. Vette. The AE-8 trapped electron model environment. NASA STI/Recon Technical
Report N, 92:24228, November 1991.
